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Abstract: In this chapter we describe how the socio-technical systems (STS) approach 
has been applied to the software process, as well as attempts that have been 
made to simulate and model the process as a whole. We also outline previous 
attempts  to  use  socio-technical  criteria  and  guidelines  in  order  to  make 
improvements  to  the  process  of  constructing  software.  We  first  provide  a 
broad outline of the STS approach followed by a number of examples drawn 
from  the  areas  of  COTS-based  selection,  the  People  Capability  Maturity 
Model  (P-CMM),  competency  programmes  and  process  simulation.  We 
conclude the chapter with a set of future research issues that are most likely to 
occupy researchers in the coming years. These issues are drawn partly from 
the  theoretical  literature  within  software  engineering,  as  well  as  recent 
developments within industrial practice.
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1. INTRODUCTION

The process of building software is by definition an activity that involves 
people  alongside  more  established  technical  considerations.  Despite  the 
rather obvious nature of this statement it is still largely the case that human 
aspects of the software process are mostly overlooked or in the most extreme 
cases  completely  ignored.  The  lack  of  attention  paid  to  human issues  is 
* This is a preprint of the final version which is copyrighted by © Springer Verlag 
2005: Waterson, P., Weibelzahl, S., & Pfahl, D. (2005). Software Process 
Modelling: Socio-Technical Perspectives. In: S.T. Acuna & N. Juristo (Eds.). 
Software Process Modeling  (pp. 111-139). New York: Springer
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frequently cited as one of the main causes of large-scale software disasters 
[see  for  example  Gla97],  as  well  as  the  fact  that  many  software-based 
systems are abandoned or fail to make a return on their initial investment 
[Lan95]. 

Aside  from  the  failure  of  software  systems  many  researchers  and 
practitioners  have  also  argued  that  there  are  many  other  grounds  for 
readdressing the balance between the human and technical aspects of  the 
software process. Within the area of requirements engineering for example, 
there has been a great deal of effort placed on involving end users and other 
associated experts and specialists as early on in the process of requirements 
capture. Similarly, much effort has gone into representing user requirements 
in terms of scenarios, and other types of formalism, such that they can be 
readily used and exploited by software developers [e.g., JiG94, HCI99]. In 
addition, many other roadmaps that have been developed in order to describe 
the future of software engineering highlight the need to develop competency 
development and educational programmes that extend beyond a traditional 
focus on technical aspects of educational curricula and cover in more detail 
human and social issues [e.g., FrK94]. 

At the heart of all of these considerations is the recognition that human 
issues play an overwhelming role in determining the success or failure of 
software systems. There is also widespread recognition that the productivity 
and efficiency of the software process is critical dependent upon human and 
social factors. Barry Boehm, one of the most well respected figures within 
software engineering for example, states in a recent text that: 

“After  product  size,  people  factors  have  the  strongest  influence  in  
determining the amount of effort required to develop a software product” 
[BAB+00]. 

An  outcome  from  these  developments,  whether  it  be  in  terms  of 
requirements engineering or software engineering education, is that in the 
last decade a great deal of effort  has been placed upon viewing software 
engineering and the  software  process  from the  point-of-view of  a  socio-
technical system  (STS) and  applying  the  STS  approach  to  the  design  of 
software systems [SoR97].

1.1 The socio-technical systems approach

In its simplest form the socio-technical systems (STS) approach stresses 
the importance of recognising a distinction between two sub-systems within 
the overall software process (the social and the technical) and the need to 
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jointly optimise and design these in parallel. Figure 1 is a simple diagram 
showing the relationship between the social system (made up on people) and 
the technical system (made up of individual software systems). Proponents 
of the STS approach argue that improvements in the wider software process 
can only take place when the design of both social and technical sub-systems 
are considered to be complementary (for further details of the theoretical and 
historical background to the STS approach see [Wat04]). STS is itself based 
on a set of design principles that can be used to help design computer-based 
systems. Table 1 outlines a recent set of examples of such principles as they 
apply to system design [Cle00].

Figure 1: Diagram of the software process as a socio-technical system
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Table 1: Example principles of socio-technical systems design [Cle00].

Principle Details
Design is systemic All aspects of system design are inter-

connected. Leaving out one part (e.g., human 
aspects) will inevitably lead to sub-optimal 
performance of the whole system.

Design is socially shaped Design is subject to social movements and 
trends, these may sometimes manifest 
themselves as fads and fashions.

Evaluation is an essential part of design Evaluation, although rarely undertaken, has 
several advantages, the chief one being that 
an organisation can learn from its mistakes 
and successes.

Design involves multidisciplinary education There is a need for a diverse range of 
expertise and skills within design in order to 
bring about innovation, as well as viewing 
design from several perspectives.

The aim of these principles is not to act as some kind of prescriptive guide 
as to how to design and balance the interface between social and technical 
aspects  of  system  design.  Instead,  the  principles  are  intended  to  act  as 
guidelines and heuristics for software personnel, including managers, when 
implementing and evaluating changes to the software process. For example, 
the first principle (design is systemic) conveys the need to address all aspects 
of  design  in  parallel,  rather  than  leave  some  issues  (e.g.,  social  and 
organizational concerns) to a later stage where there is a danger that due to 
time pressure, budget restrictions etc., they may be put aside or overlooked. 
Similarly, the last principle in table 1 highlights the need for educational 
programmes that  span a  number  of  disciplines  and competencies  (i.e.,  in 
addition to more specialised technically-oriented knowledge or skills).

Two  other  aspects  of  the  STS  approach  should  also  be  highlighted, 
particularly since they have been widely applied within attempts to improve 
the software process. Firstly, the STS approach stresses the need to evaluate 
the result of any changes that are made to the human/technical system, allow 
time to reflect upon these, as well as including improvement cycles to take 
place over time. Secondly, proponents of the STS approach stress the need to 
actively  involve  all  of  those  involved  in  the  change  in  the  process  of 
decision-making relating to improvements to the human/technical  system. 
One consequence of involving all of the stakeholders in the change process 
as early on as possible is that levels of ownership be improved and “buy-in” 
to the changes likely to take place.
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1.2 The software process as a socio-technical system

One  of  the  most  salient  characteristics  of  the  STS  approach  to  the 
software process is that it attempts to help to assess, improve and provide 
feedback to those involved in process change. Figure 2 outlines a generic 
model  of  the  process  improvement  process  as  it  is  depicted  in  a  recent 
textbook on software engineering [Som00]. As can be seen from figure 2 one 
of the main areas in which the STS approach may yield benefits is in terms 
of providing guidance in designing and developing training and education 
programmes.  Similarly,  the  approach  may  help  to  bring  about  process 
change  and  aid  modelling  efforts.  Both  the  educational  and  modelling 
aspects are described in more detail in section 3 of the chapter. The specific 
focus  of  the  STS  approach  towards  understanding  and  improving  the 
software  process  is  centred  on  a  number  of  other  additional  themes  and 
associated research questions. Table 2 summarises some examples of these 
themes alongside the types of research questions that have recently attracted 
the attention of researchers in the field of  STS and the software process. 
Table 2 is not intended as a comprehensive summary of the field of STS and 
the software process, rather it is an attempt to summarise some broad trends, 
(some of which are admittedly closer to the research interests of the present 
authors than others).

Figure 2: The Process Improvement Process [adapted from Som00]
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Table 2: STS and the software process: Themes, example research questions 
and references

Theme Example Research 
Questions

Example References

Knowledge, skills and 
competencies

What types of knowledge and 
skills do software professionals 
need and how should these be 
taught?
What types of methods and 
techniques exist for the delivery of 
software education (e.g., in the 
work place)?

[Sha00], [SWE01]

[DeH+03], [GWW04]

Human Resource 
Management (HRM)

How should people be allocated 
and given responsibility within 
software projects?
How can the interrelation between 
human, technical and economic 
aspects of software projects be 
modelled or simulated?

[SoB00], [AcJ03]

[KMR99], [Mad04]
Participation and 
involvement in the 
software process

Who should be involved in the 
software process and when? 
What is the most appropriate way 
in which to involve end users 
within the software process?

[PDC02], [Win+96]

[HCI99], [O’NJJ99]
Evaluation/assessment How can the effectiveness of the 

software process be measured and 
benchmarked over time?
What strategies exist for changing 
and improving the process?

[CHM02], [EDM+97]

[CHM02], [Pau+93]
Communication and 
collaboration

How can effective collaboration 
between software personnel be 
achieved and integrated with the 
software process? 
What influence do individual, 
group and cultural factors have 
upon collaboration?

[KrS95], [Kyn91]

[Hof01], [Wal02]
Documenting the software 
process

What information needs to be 
documented during the process 
and how can this be made to be 
efficient and reliable?

[LSF03], [FoL02]

Many of these themes have a long history within software engineering 
and other related disciplines such as  human-computer  interaction and the 
human factors of software development. Bill Curtis for example, in the work 
he  and  colleagues  carried  out  in  studying  large-scale  software  projects, 
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underlined the importance of specific types of knowledge (e.g., application 
domain  knowledge)  on  the  outcomes  of  software  projects  [CKI88]. 
Similarly,  research  aiming  at  increasing  user  participation  and  overall 
coordination between developers and other parties in the software process 
has a long history (e.g., [KrS95], [Kyn91]).

By  contrast,  other  themes  have  achieved  a  more  recent  prominence. 
Documentation for  example,  whilst  always proving to  be  a  difficulty  for 
most software engineers (e.g., in terms of maintaining documents relating to 
the software process), has been the subject of attention amongst followers of 
agile, or extreme programming where much effort has been given over to 
minimising  the  amount  of  paperwork  and  information  stored  during  the 
software development process [Bec99]. 

We return to themes such as “Documenting the software process” and 
“Communication and collaboration” in section 4 of this chapter where we 
examine  future  research  issues  in  more  detail.  In  what  follows  we  first 
review  some  STS  aspects  of  the  software  process  as  they  relate  to 
“Participation  and  Involvement”  and “Evaluation/assessment”  (section  2), 
these cover large-scale approaches (e.g., capability maturity models), as well 
as  more  specific  research  topics  (commercial-off-the-shelf  software 
selection). In section 3 we focus more specifically on two particular aspects 
of the research themes “Knowledge, skills and competencies” and “Human 
resource management”, namely competency programmes and simulation of 
the software process. 

2. STS AND THE SOFTWARE PROCESS: COTS 
SELECTION AND THE PEOPLE CAPABILITY 
MATURITY MODEL (P-CMM)

During the last two decades a good deal of effort  within the software 
engineering community has  been spent  on increasing the productivity  of 
software  projects  and  the  quality  of  the  software  they  produce.   In  this 
section we review developments promoted by considerations of the human 
role in two software engineering domains. Both of the domains champion a 
participative  approach  to  the  software  process,  whilst  at  the  same  time 
providing comprehensive metrics and benchmarking tools for the evaluation 
of the process as a whole. The first (COTS-based selection) refers to socio-
technical criteria that can be used to evaluate the various types of ready-
made  software  that  exist  and can  be  integrated into  larger  systems.  The 
second (The People Capability Maturity Model – P-CMM) is a much larger 
endeavour  and  involves  guidelines,  criteria  and  sets  of  organisational 
competencies  that  can  be  used  the  degree  of  process  maturity  of  an 
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organisation.  P-CMM  represents  one  of  the  most  ambitious  attempts  to 
address socio-technical concerns in the course of bringing about changes to 
the software process as a whole.

2.1 Selection of Commercial Off-The-Shelf Systems 
(COTS)

COTS have been defined as “a software product developed by a third 
party for the purposes of integration into a larger system as an integral part 
(i.e., that will be delivered as part of the system to the customer of that 
system – i.e.,  not  a  tool)”1.  COTS have proved to  be  popular  amongst 
companies since they have been shown to reduce development cost and 
shorten time-to-market. However, the use of COTS also raises a number of 
risks  such  as  using  software  that  does  not  sufficiently  satisfy  the 
requirements  [Och+00,  MaN98].  There  are  a  number  of  reasons  why 
selecting COTS to fit the original requirements of the system proves to be 
problematic.  Firstly,  many  organisations  implement  COTS  into  their 
software  processes in  an ‘ad hoc’ manner,  this  in  turn makes planning 
difficult, lessons learnt from previous cases and systems are not learnt and 
appropriate evaluation tools and methods are not used [Kon96]. Secondly, 
the types of evaluation criteria used to assess COTS are often inadequate 
in that they tend to concentrate on technical capabilities in isolation and 
fail  to include a consideration of human and business issues [Pow+97]. 
Despite the fact that many existing approaches fail  to address so-called 
‘soft’  aspects  of  COTS  selection,  there  do  exist  a  few  exceptions.  In 
particular  the STACE (Socio-Technical Approach to COTS Evaluation) 
method [KuB99] explicitly attempts to address human and social issues.

2.1.1 The STACE method for COTS selection

The STACE method consists of four interrelated stages, these are: (1) 
requirements  elicitation;  (2)  socio-technical  criteria  definition;  (3) 
alternatives identification; and, (4) evaluation/assessment. 

During  the  requirements  elicitation  high-level  customer  and  system 
requirements  are  gathered  through  consultation  with  stakeholders.  The 
process of consultation is designed to be as participative as possible and 
may involve activities such as consultation of documents (drawn from both 
the customer and the system), examination of domain knowledge, as well 

1  www.cebase.org/www/researchActivities/COTS/definition.html
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as other activities such as analysis of the market to find out what other 
COTS alternatives exist.

During socio-technical criteria definition the high level requirements 
from the earlier phase are decomposed into a set of hierarchical criteria 
based  partly  upon  customer  needs  and  priorities.  Part  of  the  process 
involves consulting previous experience gained from past evaluation cases.

Alternative identification involves searching and screening for COTS 
products/technology that can later be evaluated in the evaluation stage of 
the  method.  Finally,  in  the  evaluation  stage  the  COTS alternatives  are 
ranked  according  how  well  they  match  the  socio-technical  evaluation 
criteria.  The  evaluation  stage  itself  may  involve  a  number  of  data 
collection activities including analysis of documentation, interviews with 
users of the product and examination of sample outputs from projects that 
have used the products. A range of techniques such as card sorting and 
laddering  [RuM95] may also  be  suitable  for  use  during  the  evaluation 
stage.

One  of  the  most  interesting  and  important  aspects  of  the  STACE 
method  are  the  socio-technical  criteria  since  these  involve  explicit 
coverage  of  both  human  and  technical  issues,  as  well  as  involving 
stakeholders within the main stages of criteria selection and evaluation. 
The criterion-based and participative framework underpinning the method 
are, as we have seen in section 1 of the chapter, exemplary characteristics 
of  the socio-technical  approach and share much in common with other 
socio-technical methods and tools (e.g.,  see [WOC02] for an additional 
example).

2.1.2 The use of socio-technical criteria in the STACE method

Four types of  STS criteria are involved in STACE, these cover: (1) 
Technology factors;  (2)  functionality characteristics; (3)  product  quality 
characteristics; and (4) social-economic factors.

Technology factors include a number of considerations that may need 
to be taken into account, these include the intended functionality of the 
software (e.g., whether the technology should support distributed objects, 
real  time  processing  etc.).  In  addition,  other  considerations  such  as 
performance  (e.g.,  dependability,  resource  utilisation,  usability), 
framework  and  architecture  style,  adherence  to  interface  standards  and 
security  (e.g.,  the  capability  of  the  technology  to  provide  a  secure 
environment), may also be relevant.

Functionality characteristics and product quality characteristics cover a 
range of issues that include the type of environment that the COTS will be 
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used in (e.g., in a banking or retail environment), as well as considerations 
focusing on quality (e.g., system dependability, maintainability).

The final set of criteria cover socio-economic factors and involve non-
technical factors that should be considered during COTS selection. These 
non-technical  factors  range  from operational  criteria  such  as  costs  and 
overheads that come about as a result of implementing the COTS (e.g., 
training costs).  In  addition,  there may well  be  a  number  of  other  non-
technical considerations that need to be taken into account. Many of these 
may prove to be difficult to quantify, however, they may also prove to be a 
significant factor in determining the likely success/failure of the COTS. 
For example, management support and organisational politics may play a 
part in determining the extent to which user acceptance of the system is 
likely. In both cases, the result of considering these types of criteria may 
mean that more thought needs to go into managing the change from the old 
system to the new. Change management in  itself  is  a  difficult  issue to 
resolve over a short time period and it may be that large-scale changes to 
the software process are necessary. In the next section we describe one of 
the  most  well  known examples  of  a  method that  has  been specifically 
designed  in  order  to  facilitate  large-scale,  longitudinal  socio-technical 
process improvement.

2.2 The People Capability Maturity Model (P-CMM) 

The People Capability Maturity Model (P-CMM)2 came about in the 
mid-1990s as a result of work that had been carried out by the Software 
Engineering Institute at Carnegie Mellon University on process maturity 
frameworks  for  software  organisations  [Hum89,  Pau+93].  Process 
maturity refers to “the extent to which an organisation’s processes are 
defined,  managed,  measured,  controlled  and  continually  improved” 
[CHM02,  pp.  515].  The  range  of  organisational  processes  that  the  P-
CMM addresses is extensive and covers areas of workforce management 
such as  staffing (e.g.,  communication and coordination and workgroup 
development). These processes are themselves part of the main P-CMM 
maturity levels: Level 1 (initial); Level 2 (managed); Level 3 (defined); 
Level  4  (Predictable);  and,  Level  5  (Optimising).  Within  each  of  the 
various levels a set of goals associated with individual processes, as well 
as  specific  sub-components  of  the  processes  which  are  referred  to  as 
practices. Table 3 outlines some of the key process areas of the P-CMM.

2  P-CMM and the IDEAL model are registered trademarks of Carnegie Mellon University.
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Table 3: Process areas of the P-CMM

P-CMM Maturity level Focus Process area

5
Optimising

Continuously improve and 
align personal, workgroup 
and organisational 
capability

Continuous Workforce 
Innovation
Organisational Performance 
alignment

4
Predictable

Empower and integrate 
workforce competencies 
and manage performance 
quantitatively

Mentoring
Organisational Capability 
Management
Quantitative Performance 
Management
Competency-based assets
Empowered workgroups
Competency integration

3
Defined

Develop workforce 
competencies and 
workgroups, and align with 
business strategy and 
objectives

Participatory culture
Workgroup development
Competency-based practices
Career development
Competency development
Workforce planning
Competency analysis

2
Managed

Managers take 
responsibility for 
managing and developing 
their people

Compensation
Training and development
Performance management
Work environment
Communication and 
coordination
Staffing

1
Initial

Workforce practices 
applied inconsistently

-

The P-CMM primarily works by providing guidance on implementing 
the organisational processes listed in table 3, it does not, however, specify 
the explicit workforce practices to be implemented. Rather, organisations 
are  encouraged  to  align  the  practices  to  their  own  particular  culture, 
history  and  environment.  P-CMM  makes  use  of  the  IDEAL  model 
[GrM97]3, which in turn consists of five main components:

• Initiating  –  establish  support  and  responsibilities  for 
improvement.

• Diagnosing – identify the problems to be solved.
• Establishing – select and plan specific improvement activities.

3  www.sei.cmu.edu/ideal/ideal.bridge.html
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• Acting  –  design,  pilot,  implement  and  institutionalise 
activities.

• Learning – identify improvements in IDEAL-based activities.

The IDEAL model is applied within all of the maturity levels in Table 
3, for each maturity level a specific process is examined using the five 
components of IDEAL: P-CMM also provides some guidance in terms of 
examples of how the sub-components of the processes (i.e., practices) can 
be implemented.  Table 4  outlines  some examples  based the  process  of 
improving  communication  and  coordination  within  Maturity  Level  2 
(Managed).

Table 4: Maturity level processes and associated practices

Maturity level Process Example Practice

2
Managed Communication and 

Coordination

Interpersonal communication skills 
necessary to establish and maintain 
effective working relationships within 
and across workgroups are developed.
Examples of interpersonal skills that 
support working relationships include:
• Interpersonal communication and 

dynamics
• Active listening skills
• Group communication and 

dynamics
• Interaction protocols for specific 

situations.

In order to illustrate the use of the P-CMM in more detail we briefly 
describe in the next section an example of its application in an industrial 
setting.

2.2.1 Using the P-CMM: An Example

[CHM02, pp. 99-103] describes the use of the P-CMM at Lockheed 
Martin  Missile  Systems,  a  company  that  built  command/control  and 
logistics  management  systems.  Lockheed  Martin  had  been  formed 
following the integration of a number of other companies (including IBM 
Federal Systems and divisions of Unisys) and was at the time of the P-
CMM assessment just under five years old. The company decided to carry 
out  a  formal  P-CMM  assessment  in  order  to  establish  a  baseline  of 
understanding regarding its current process-oriented practices, as well as 
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gauging their strength and stability within the company. The longer-term 
goal of the assessment was to move the company toward attaining Level 3 
maturity. One of the areas that Lockheed Martin chose to focus on as an 
area for improvement were communication channels within the company.

As a result  of  using the P-CMM the company decided to establish 
three types of communication channel in order to improve communication 
between employees and management:

• Open door – where employees could appeal to higher levels 
of management in the event that concerns were not resolved 
with their immediate manager;

• Speak up – where employees could anonymously engage in 
two-way  communication  with  managers  and  seniors  (e.g., 
raise questions, make comments or complaints);

• Skip level interviews – these provided an annual opportunity 
for employees to meet with managers in order to discuss for 
example,  career  interests  or  topics  of  concern  within  their 
work area.

Part of the reason these types of initiatives proved to be successful was 
that the improvements had been sponsored by senior managers as well as 
leaders within the human resources division of the company. Lockheed 
Martin  also  made  a  number  of  other  changes  to  their  training  and 
development  programmes,  as  well  as  their  general  Human  Resource 
Management (HRM) strategy. 

In the following section we examine these two areas in more detail and 
specifically describe two further areas that are important for STS work on 
the software process. One area concentrates specifically on competency 
development and the assessment of qualification needs, whilst the other 
addresses larger concerns, namely simulation of the software process as a 
whole.

3. STS AND THE SOFTWARE PROCESS: 
COMPENTENCY PROGRAMMES AND PROCESS 
SIMULATION

3.1 Competency programmes 

The qualifications, skills and competencies of the people involved in the 
software process are obviously an important determinant of the STS, since 
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insufficient qualifications for a certain task might result in delays, increased 
costs, low software quality or even complete project failures. For instance, a 
lack of so called soft skills might be a source of communication problems, 
over-qualification might  cause low motivation,  and missing competencies 
might lead to inefficient or incomplete production of deliverables.

Compared  to  other  scientific  specialisms,  the  situation  in  software 
engineering  is  even  more  aggravated  by  the  fact  that  the  state-of-the-art 
changes frequently: new technologies, tools, standards and regulations are 
introduced every once in a while. Thus, the knowledge and skills of people 
gets outdated quickly, and continuous learning and training is required to 
keep up with technological development. Moreover, there has been, and still 
is, a shortage of computer-related professionals on the job market and thus 
companies need to find ways either to recruit suitable staff or to train the 
right competencies of the existing staff.

In summary, there is a need for systematic and precise analysis of both 
the skills  and competencies  that  exist,  that  are required,  and that  will  be 
required  in  the  future.  In  this  section,  we  describe  an  approach  that 
represents steps towards such a skill gap analysis.

3.1.1 A Framework for skill-gap analysis

Obviously,  an  important  prerequisite  for  a  skill-gap  analysis  is  a 
specification  of  the  skills  and  competencies  that  are  required  to  fulfil  a 
certain  role  in  the  software  process.  Various  role-profile  sets  and  skill 
portfolios have been proposed (see [NaS01] for a review of the literature and 
also [DiR01] for a case study ). These skills can be analysed with different 
assessment  methods,  e.g.,  surveys,  interviews,  focus  groups,  Delphi-
based/key-informant approaches, as well as the use of archival documents 
[Saw+98].

As  an  example  of  such  an  assessment  approach  we  describe 
QUALISEM-People which is a set of methods, services, and tools to analyse 
the  qualification  needs  of  a  software  developing  organization  as  well  as 
overall  educational  and  training  needs  [DeH+03].  QUALISEM-People 
systematically analyses and evaluates the qualification need by assessing the 
actual, target and preferred competence-based needs of employees. Such an 
analysis  is  intended  to  inform  the  management  and  human  resource 
department about current, required and desired skills and competencies in 
order to plan qualification programs. The method is applied in six steps.

Firstly,  skill  profiles  and  questionnaires  are  selected  from  existing 
competence-based  frameworks,  depending  on  the  current  roles  of  the 
employees  in  the  company.  These  include  the  so-called  career-space 
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framework4 (a  set  of  generic  skill  profiles  in  the  Information  and 
Communications  Technology industry),  work process  oriented  profiles  of 
activities and competencies from the German APO initiative5, as well as role 
oriented  competencies  in  software  engineering  from the  ESF-Baukasten6. 
Thus,  QUALISEM-People covers not only subject  matter knowledge,  but 
also methods and tools skills, as well as intra and inter personal social skills.

Second, these standard profiles are tailored to the company’s needs and 
preferences. In order to keep the questionnaire as short as possible skills and 
competencies that  are not  of  interest,  e.g.,  because they are probably not 
affected by the introduction of a new tool, might be removed. Additional 
aspects might be included because future projects or the company’s strategy 
will require certain skills.

Third,  the  employees’  skills  and  desires  are  assessed.  In  a  self- 
assessment with a questionnaire the employees rate their actual skills and 
competencies individually and indicate their preference in acquiring these 
skills. In addition the manager might augment the results by providing the 
same data for each employee, too.

Fourth, the data is aggregated and analysed both on the individual level 
as well as on the group level by computing both the mean skill level and the 
difference between actual and target  skill  level based on the role profile. 
These results identify the qualification need and provide a prioritisation.

Fifth, the results are fed back to the employees and to the management in 
form of a summary report. Employees get their individual analysis, too.

Finally, the skill gap analysis can serve as basis for planning training and 
further education.

3.1.2 Experiences with skill-gap analysis

Applying QUALISEM-People in an industrial setting has yielded several 
interesting experiences and strengths, but also weaknesses of the approach. 
The  method  is  very  straightforward  to  apply  and  transparent  to  all 
participants. The fact that individual preferences are included in the analysis 
and that the assessment is anonymous and confidential, makes the employees 
feel very comfortable with the results and enhances the acceptance of the 
results.

However,  there  are  limitations  to  the  validity  of  the  data,  since 
QUALISEM-People considers answers to questionnaires only. Under certain 
circumstances (e.g., if there is an interest in presenting oneself in a better 
4  www.career-space.com
5  Arbeitsprozessorientiert  Weiterbildung (“Work-oriented further education“),  www.apo-

it.de
6  www.iese.fraunhofer.de/ESF-Baukasten/  

http://www.iese.fraunhofer.de/ESF-Baukasten/
http://www.apo-it.de/
http://www.apo-it.de/
http://www.career-space.com/
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light)  the  picture  would  be  more  accurate  if  other  data  sources  (e.g., 
observations, interviews, archival documents) are considered as well.

From  a  STS  point  of  view,  skill  assessment  should  be  seen  as  a 
continuous and iterative process rather than a single output:  the skill  gap 
analysis is part of the “analyse process” phase in the software improvement 
process (figure 2). It might either lead to a training of the engineers and/or to 
a process change. The results of the intervention are registered and fed back 
to  another  analysis  cycle.  Such  a  continuous  improvement  management 
enhances the precision and the interpretability of the analysis.

In  the  next  section  we  examine  in  more  detail  approaches  to  the 
modelling of larger-scale competency programmes and their place within the 
wider software process.

3.2 Simulation of the software process: A tool for analysing 
and developing competencies in the software process

Personnel  resources  are  an  essential  asset  in  developing  a  software 
product,  as  well  as  managing  the  associated  software  project  and  its 
processes. Figure 3 sketches the role of people in the context of the software 
process, reducing the complexity of actual projects and processes to its most 
fundamental entities: activities, artefacts, resources, and supporting materials 
[Lon93].  An  activity  can  be  characterized  as  follows:  activities  use  the 
available resources and apply the supporting materials in order to transform 
input products (e.g., design documents) into output products (e.g., program 
code). Artefacts, resources, and materials can be further subdivided into sub-
entities:

• Artefacts:  engineering/development  documents  (e.g.,  requirements 
specification, design documents, program code, QA plans, test plans, 
test  reports),  service  and  user  documents  (e.g.,  service  and  user 
manuals,  help texts),  management  documents  (e.g.,  project  plans, 
quality management plans, risk management plans)

• Materials:  tools  (incl.  associated  documentation),  methods  (incl. 
processes,  policies,  etc.),  techniques  (incl.  guidelines,  checklists, 
etc.)

• Resources:  time  budget,  money budget,  people  (assuming certain 
engineering and management roles)
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Figure 3: Entities of software processes and their relationships

Each  of  the  entities  is  characterised  by  a  set  of  attributes.  The  main 
objective  of  process  engineering  and  project  management  is  to  set  and 
control  the  attribute  values  in  such a  way that  the  business  goals  of  the 
software organisation are achieved. Typical examples of attributes needed to 
capture project and process performance are the following:

• Attributes of artefacts: size, complexity, functionality, quality (incl. 
non-functional  characteristics  such  as  readability,  maintainability, 
portability, testability, reliability, dependability, etc.), etc.

• Attributes of activities: duration, effort consumption, efficiency, etc.
• Attributes  of  materials:  effectiveness,  cost,  comprehensibility, 

learnability, etc.
• Attributes of resources:

o Time or money budget: size, allocation, availability, etc.
o People:  number,  availability,  cost/salary,  motivation, 

exhaustion,  exhaustion  recoverage  speed,  productivity, 
ability to learn, experience, skills, competencies, etc.

Due  to  the  complex  interdependencies  between  all  entities  and  their 
associated attributes, the design of development processes that are adequate 
for specific software development tasks in a specific software organisation is 
a  rather  complex task.  As in  other  engineering  disciplines,  models  are  a 
powerful tool in supporting the process design task.

With  the  help  of  models,  one  can  capture  and  describe  the  relations 
between  subsets  of  attributes.  Static  models  (either  qualitative  or 
quantitative)  can  help  in  two  ways  [BDR96].  Firstly,  they  can  help  in 
eliciting and describing relationships between attributes of process entities. 
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Secondly, they can help to establish quantitative cause-effect dependencies 
that  may  be  used  for  evaluation  and  estimation  purposes.  In  addition, 
dynamic models can be used to simulate the project and process behaviour, 
i.e. the interaction between attributes and entities at any given point in time. 
In  many  traditional  engineering  disciplines  and  management  science, 
simulation  is  a  well-established  and  commonly  used  tool,  in  software 
engineering it is currently becoming an accepted and more widely used tool 
to  support  process  analysis  and  improvement,  and  project  planning  and 
control [Chr99][PfR01].

Particularly, process simulation can help to analyse and better understand 
the  impact  of  people-related  attributes  on  project  performance  (e.g., 
measured in terms of cost and duration) and product value (e.g., measured in 
terms of functionality and quality). Depending on the level of detail of the 
simulation  model,  the  impact  of  role-specific  or  even  individual 
skills/competencies  [AcJ03]  on  certain  activities  and  their  associated 
outcomes, and the accumulation of these effects over the full duration of a 
project can be assessed. This type of analysis is useful in several ways, for 
example:

• To  assess  the  impact  of  available  engineering  and  management 
workforce on project performance.

• To  compare  alternative  workforce  allocations.  Based  on  the 
comparison, the best allocation can be chosen.

• To  assess  the  value  of  training,  i.e.,  skill  and  competence 
development,  by  analysing  how  much  an  increase  in 
skills/competencies (and the associated investment) would improve 
project performance. The advantage of simulation for this type of 
analysis is that in order to assess the effect of investments in training 
on  global  project  performance  parameters  like  product  quality, 
project duration or effort consumption, only local effects need to be 
measured  and  further  investigated,  for  example  with  the  help  of 
controlled experiments or qualitative research methods. An example 
of such a local effect would be the increase in design productivity 
and  quality  of  software  engineers  in  response  to  participating  in 
training courses on a specific design method or tool. 

Many process modelling and process simulation modelling approaches 
have  been  proposed  in  the  literature  [Acu+01][KMR99].  Since  software 
development  is  a  fundamentally  human-based  task,  constituting  a  socio-
technical  system,  the  system  dynamics  approach  is  a  particularly  suited 
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simulation approach to capture the people-related factors and their impact on 
software development performance.

The  system dynamics  analysis  and  simulation  method  was  originally 
developed  by  Forrester  in  the  late  1950s  [For61].  In  order  to  make  the 
system  dynamics  approach  more  efficient  in  the  domain  of  software 
development the method IMMoS (Integrated Measurement, Modelling and 
Simulation) has been developed [PfR02]. IMMoS provides comprehensive 
process guidance during model development, and describes how to re-use 
and  integrate  existing  static  models  (e.g.,  process  models  and  estimation 
models).

The philosophical  position underlying the system dynamics  method is 
what Senge and other researchers call system thinking [Sen90]. In system 
thinking,  the  behaviour  of  a  system  is  considered  as  primarily  being 
generated by the interaction of all the feedback loops over time. In order to 
analyse – and eventually change – the behaviour of observed objects in the 
real world, it is necessary to understand the important cause-effect relations 
of  the  factors  that  influence  those  variables  that  represent  the  observed 
behaviour. In system dynamics, these cause-effect relations are called base 
mechanisms.  The  union  set  of  all  base  mechanisms  is  called  a  causal 
diagram. In order to be able to run system dynamics simulations the causal 
diagram has to be converted into a so-called flow graph. A flow graph is the 
pictorial representation of a set of mathematical equations. The application 
of system dynamics simulation has started with the work by Abdel-Hamid in 
the late 1980s [AbM91][ASR93]. In the meanwhile it has been applied with 
increasing frequency to many areas in the domain of software engineering 
since then [KMR99][Mad04].

Above,  we  pointed  out  that  process  simulation  can  be  helpful  in 
analysing  the  impact  of  human  factors  on  project  performance,  and  in 
assessing  the  value  of  training  and  skill/competence  development  within 
software  organisations.  In  addition  to  that,  process  simulation  and  the 
development  of  process  simulation  models  can  become  powerful  in 
developing software management skills. 

The following sub-sections describe three different approaches that can 
be useful in the scope of project management training. 

3.2.1 Constructivist Approach 

With guidance from the trainer, trainees develop step-by-step their own 
process simulation model forcing them to make their own assumptions about 
cause-effect  dependencies  and  the  effectiveness  of  certain  management 
policies explicit and, at the same time, providing them with a tool that helps 
them to validate these assumptions in a laboratory setting [Mor88][Ste94]. 
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Moreover,  this  constructivist  approach  to  management  training  can  be 
performed  in  a  team-work  setting  [Ven96],  automatically  triggering  the 
exchange of opinions among trainees and thus implicitly developing social 
skills related to communication, negotiation, and group decision-making. 

Even though the constructivist approach has proven to be very powerful 
with regards to  learning effectiveness  in other areas [Ven90],  so far,  not 
much  experience  with  applying  this  approach  to  the  field  of  software 
engineering has been reported in the literature.  One reason for this might be 
the  lack  of  knowledge  about  this  approach  in  the  context  of  software 
engineering training. Therefore, in the future, dissemination of experiences 
from other application domains has to be intensified and case studies proving 
the applicability of the approach in the field of software engineering need to 
be conducted.

3.2.2 Behaviourist Approach - Individual Setting  

In  a  management  game  like  setting,  trainees  are  confronted  with 
management-related  tasks  that  they  have  to  fulfil  [Gra+92][Lane95]. 
Transferred to the software development domain, the simulation tool helps to 
generate realistic reactions to the decisions taken by the trainees and feeds 
them back to them [DrL99][PKR01]. 

This type of setting has  been evaluated in  very few studies [Pfa+03]. 
Initial  findings  indicate  that  the results  of  this  approach are limited with 
regards  to  learning  effectiveness  if  preparation  before  the  start  of  the 
simulation game and thorough analysis  of the trainees’  decisions and the 
way how they impact simulated project behaviour are missing. Therefore, in 
future applications of this approach, more focus needs to be put on:

• an elaborate introduction of trainees into the problem scope that is 
covered (and reproduced) by the simulation model, and;

• open and in-depth discussion on cause-effect relationships triggered 
by the policy decisions that were made by trainees.

3.2.3 Behaviourist Approach - Group Setting

In  contrast  to  the  individual  setting  described  above,  where  group 
activities only apply during the preparation and post-hoc discussion phase, 
management games could involve several trainees playing at the same time, 
i.e. assuming several specific roles. In such a setting, each role’s decisions 
might impact the performance of the activities under responsibility of other 
roles.  In  particular,  the  combination  of  local  decisions,  e.g.  decisions 
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independently  made  by  sub-project  managers  (or  other  members  of  the 
management team) on the overall project performance can be analysed and 
demonstrated in the form of a collaborative management game. For example, 
the  sub-project  manager  responsible  for  requirements  elicitation  and 
specification decides to  not  (completely)  follow certain  quality  assurance 
procedures  as  described  in  the  process  handbook.  Let’s  assume  the 
prescribed  type  of  inspection  is  not  conducted  to  its  full  extent  and  not 
according to the defined method. With the help of the process simulation 
tool, the local impact of decreased quality of the requirements specification 
can  be  propagated  into  subsequent  development  activities  (say,  design, 
coding,  testing) under responsibility of  other sub-project  managers.  Now, 
these  sub-project  managers  have  to  deal  with  a  more  difficult  situation, 
which they most likely will not accept as soon as they realise that it is caused 
by decisions made in earlier development phases. The task of the overall 
project  manager will  be to moderate this situation, to make sure that  the 
overall project performance is as good as possible, and that the project goals 
are achieved.

Similarly  to  the  constructivist  approach,  not  much  experience  is  yet 
available on this  type of  behaviourist  training in  the  domain of software 
engineering. Although much can be built upon available experience gained 
from individual learning settings (as described in the sub-section before), in 
order to assure the effectiveness of the collaborative group learning setting, 
again the training sessions have to be carefully designed and supervised.

4. STS AND THE SOFTWARE PROCESS: FUTURE 
ISSUES FOR RESEARCH AND PRACTICE

In this final section of the chapter we revisit some of themes outlined 
earlier in table 2 and section 2 and 3 and consider these in terms of the 
developments that are already underway, or are likely to take place in the 
future. 

4.1 COTS Selection and maturity models

In  terms  of  the  work  we  have  described  on  COTS selection  criteria, 
techniques and methods in general, there is an outstanding need for more 
socio-technical work of the kind covered by the STACE method. Much of 
the  COTS work focuses to  this  day on technical  aspects  of  the  software 
procurement  process.  Where  selection  criteria  are  applied  they  are  most 
likely to address issues with regard to system compatibility and migration 
problems, as compared to a concern as to how the software will mesh, or 
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conflict with the organisations culture and established mode of operation. 
Much more work needs to be carried out on the one hand developing STS 
inspired methods, but also addressing the well-known problems that exist in 
making such methods easy to use and cost-effective. 

With regard to maturity models such as P-CMM, the outstanding need is 
not so much on the development side, since many types of models exist and 
their coverage of STS-related components is thorough, rather there is a need 
for  careful  evaluation and assessment of  the introduction of interventions 
that are themselves based upon maturity levels.  Whilst  a  number of  case 
studies exist of the use of CMM, there are relatively few of the use of P-
CMM so far. Without these types of evaluation studies it is difficult to assess 
the impact  of  large-scale  process  improvements,  particularly  as  they take 
place over a period of several years. Likewise, there is a need to develop and 
evaluate the use of maturity models that are designed to be used in small to 
medium size companies. The available evidence suggests that models such 
as  P-CMM are  difficult  to  tailor  to  the  particular  requirements  of  small 
companies, and their effectiveness is more likely in larger enterprises.

4.2 Competency programmes

Skill gap analysis methods might be applied in at least three additional 
areas: first, such an analysis might be used not only to assess the skills and 
competencies of the current staff, but also to filter and select job applications 
automatically.  The  profiles  of  open  positions  would  be  compared  to  the 
profiles of the applicants. However, the applicants might obviously have a 
tendency to gloss over their skills. Thus, such a mechanism should be used 
for  filtering  or  recommendation  only.  Nevertheless,  this  could  support 
companies that have to evaluate thousands of applications.

A second application scenario is probably less biased: Skill gap analyses 
might also be used to filter offers in electronic job catalogues. Job-seekers 
could improve their search query by providing details about their skills and 
competencies.

Finally, a skill gap analysis might be the basis for automatically or semi-
automatically  provide  training  recommendations  in  an  e-learning 
environment  by  checking  for  fulfilled  prerequisites  and  required 
competencies.

All these applications already exist at least in simple variants. However,
the validity of these analyses is  still  an open issue. Empirical  studies are 
required  to  test  the  accuracy  of  predictions  on  skill  gaps.  This  includes 
evaluation studies both on the granularity, coverage and completeness of the 
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skill profiles as well as on the feasibility and accuracy of the assessment and 
analysis.

4.3 Process simulation

While  the  number  of  applications  in  software  project  and  process 
management for planning, controlling, exploring and analysing improvement 
opportunities is increasing7, process simulation still faces scepticism about 
whether  it  really  can  provide  substantial  contributions  to  solving  the 
problems  in  software  engineering.  This  scepticism  is  mainly  due  to  the 
difficulties and often high costs associated with developing and maintaining 
valid  simulation  models.  On  the  other  hand,  initial  experiments  have 
provided some evidence that process simulation can become a powerful tool 
in support of project management training. 

In particular, the constructivist approach has yet proven its effectiveness 
in other areas than software development. What is needed in the future is the 
transfer  of  successful  case  examples  from  these  areas  into  the  field  of 
software engineering education and training. Once case examples suited for 
software  project  management  training  have  been  developed,  empirical 
studies need to be conducted in order to evaluate and improve. In order to 
keep  effort  for  modelling  before  and  during  training  sessions  low, 
modularisation and tailoring concepts need to be developed and applied.

Regarding  the  usage  of  software  process  simulation  in  behaviourist 
approaches to project management education and training, more focus needs 
to be put on 1) introduction of trainees into the problem scope that is covered 
(and  reproduced)  by  the  simulation  model,  and  2)  an  open  and  in-depth 
discussion on cause-effect relationships triggered by the policy decisions that 
were made by trainees. For this purpose, guidance from learning theory and 
didactics needs to be exploited.

4.4 Other issues

Looking further into the future, aside from competency programmes or 
COTS  selection  for  example,  many  other  human-oriented  aspects  of  the 
software  process  are  worthy of  more specific  attention.  In  particular,  we 
would  point  to  two  areas  –  software-based  documentation  and  global 
software development. 

One reason that the area of software-based documentation has recently 
come  to  prominence  is  due  to  the  current  vogue  for  agile,  or  extreme 
programming. This particular type of software development involves pairs, 
or  small  groups,  of  programmers  developing  systems  over  very  short 
7  See for example  http://www.prosim.pdx.edu/prosim2004/
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timescales and at the same time carrying out as little documentation of their 
activities as possible. Finding the right degree or extent of documentation 
that should be carried out in agile environments presents one challenge for 
the future. Similarly, it has long been known that software documentation is 
hard  to  understand,  and  difficult  to  maintain.  More  recent  studies  have 
shown  that  documentation  is  especially  important  for  learning  about  a 
system (e.g., [LSF03]) and how it can be used. Improving the usability of 
documentation,  tailoring  it  to  specific  programming  environments  (e.g., 
extreme  programming),  and  linking  it  to  other  activities  important  to 
software developers, are likely to be important research issues for the future 
and will  no doubt have relevance for future perspectives on the software 
process.

One final area that deserves to be mentioned, partly because it is widely 
mentioned in software roadmaps aimed at predicting future developments, is 
the  trend  toward  global  software  development.  In  terms  of  the  software 
process more specifically, there are a whole host of factors that are likely to 
occupy research for the next few years. Not least amongst these factors will 
be  the  difficulties  brought  about  to  communication  and  collaboration 
patterns as a result of working across different national borders and cultures 
(e.g.,  East-West  comparisons).  Changes  to  collaboration  patterns,  the 
establishment of norms for collaboration and effective means of establishing 
working relationships across time zones are likely to be prominent topics for 
future research. These issues, together with the themes we have elaborated 
upon in the earlier parts of the chapter, are likely to make Boehm’s comment 
(see earlier in the chapter – section 1) about the importance of people factors 
in the software process, even more relevant in the future as compared to the 
situation as it exists today.

5. SUMMARY AND CONCLUSIONS

In  this  chapter  we  have  only  had  space  to  focus  upon  a  few of  the 
possible aspects of  the software process that  are deserving of STS-based 
analysis. Many issues remain unresolved and at the present time difficulties 
exist in applying the STS perspective to the software process. Part of the 
problem relates to the fact that much work within software engineering as a 
whole  has  as  yet,  not  adequately  addressed  the  impact  of  social, 
organizational  and  behavioural  factors  upon  the  process  of  building  and 
maintaining software. Whilst  we have attempted to describe some valiant 
exceptions  to  this  trend,  it  is  still  the  case  that  psychological  factors  for 
example, whilst viewed as important if not crucial to the success of software, 
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are not outlined in more detail or to a level of specificity where they can be 
operationalised,  or  easily  understood,  by  those  working  in  industry  or 
academia. One reason for this is that definitions of what is meant by the 
“software  process”,  for  example,  vary  across  different  disciplines  (e.g., 
software  engineering,  psychology,  sociology).  This  naturally  leads  to 
confusion amongst researchers and frequent problems arising out of the lack 
of  a  common language with  which  to  approach  processes,  the  interfaces 
between processes, and software-based models as a whole. STS influenced 
approaches to the software process have come a long way in the last ten 
years (e.g., Both the Capability Maturity Model and P-CMM initiatives have 
had a big impact upon research and practice), however, there remains a long 
way to go. Steps towards establishing a common inter-disciplinary language 
are  perhaps  one  way  forward,  as  are  changes  to  software  engineering 
education and training (i.e., more detailed coverage of human-centred and 
non-technical features of engineering software).
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